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(54) Foktabtetube 



<57) A foldable tube comprises a waP in wtilch at 
least three elongate relatively flexible areas are present 
wtitch areas form plastic hinges wtiich define a wall seg- 
ment ttiat can be folded Inwardly to bring tfie tube into a 
contracted stiape. 
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Description 

p ^^Jcqround q f the ^vention 

[0001] The irveotkm relates to a fokiable tube and to s 
a method lor placing such a tube in a tubular cavity. 
[0002] Jl is towwn to fold flexWe hoses into a flattened 
shape in order to facilitate easy storage, for example by 
reeling the flattened hose around a small diameter reel- 
ing daim. 

[0003] tt is also known to insert well tubulars in a con- 
tracted position into a weltoore and to expand the tubu- 
lar downhole at the location where the tubular is to be 
used. So^et patent specification SIJ-633825 dtsdoses 
the use of an initially corrugated tube which is expanded is 
downhde into a tubular shape. International patent 
I^)p8catk)n. publicflAksn Na WO 97/06345 dscioBes the 
use of a fienble wen tiiiular whk^i is folded imo a IQ^ 
shape during Hb descent through the weObore and 
which Is inflated downhde to bring the tubular tnto a 20 
cyfindrical shape, whereafter the tubular is polymerised 
to provide a welt casing. Tfus krxTwn tutxtlar fias an Y- 
shape and serves to provide a seal at the junction 
between a main well and a branch well Disadvantages 
d these known expandable corrugated and flexWefoW- » 
stile tubes are that they need to be relatively thin to 
allow an easy expansion within a borehde or other cav- 
Hy and that the shape of the unfolded tube is not well 
defined. 

(0004] It is an object of the present invention to allevi- 3o 
ate the dtsadvant^es of the known fotdade tubes and 
to provide a foldable tube which can be folded and 
unfolded relatively easily but wNch generates an 
expanded tube wt^ is robust and which has a well 
defined tubular shape. ^ 

Summary of the Invention 

[0005] The foldable tube acconjing to the invention 
cofiprises a tubular wall having at least three efongate 40 
relalively flexMe areas where the waO is more fleKt3le 
than other areas of the wall, which areas are oriented in 
a substantially parallel directfon relative to each other 
atong at least a substantial part ot the length of the tube 
so ttat in use said areas form plastic Nnges which 45 
define a wall segment that is inwardly foldable to bring 
the tJbQ into a contracted shape. 
[0006] An advantage of the use of plastic hinges in 
accordance with the present invention is that they lock 
the unfolded tube in its tukxjiar shape and that the tufc>e 50 
can t>e made cheaply by creating the plastic hinges in 
the wall of a tube which has. apart from the plastic 
Nnges. a similar wall strength and thickness as a oon- 
ventfonal tube that would normally be used in the same 
sHuatfon. ^ 
[0007J It is preferred that said relalively f lexWe areas 
are formed by trough-shaped grooves in the wall d the 
tube. wNch grooves are oriented in a parallel or helical 



direction relative to a fongitudinai axis of the tube. 
[0008] Alternatively the relatively weak areas are 
fonned by mutually parallel axial or helical rows of 
hdes. These hdes may pass through the wall d the 
tube or extend only partially into the outer or inner sur- 
face d the wall d the tube. 

[0009] It is also preferred that at least one set d four 
grooves is arranged in the wall d the tube such tfiat 
each set d tour grxxyves defines a tube segment that 
can be fdded as a U-shaped recess inwardly into the 
tube. The sides d said U-shaped recess may even be 
folded towards each other in a delta-shape and the tips 
of the recess may be brazed together to fix the tube in 
its fdded shape unta a relatively tow tension force is 
exerted to the brazed jdnt 

[0010] The tube can t>e fdded to a high degreed con- 
tacticn if two sets d four grooves are ananged sym- 
metrkaDy at opposite skies d the tube such that upon 
fdding d the tube two delta- or U-shaped recesses are 
fonned at opposite skies of the tube. 
[0011] If the tube needs to be fokteble to a less high 
degree d contradfon then a single groove or a plastic 
hinge formed by a tubule may be arranged at one sUe 
and a set d four grooves at an opposite sk^e d the inner 
wall d the tut>e. 

[0012] The latter embocSmentd the tube aoconSng to 
the invention can be used as a well liner at the junctkm 
between a main well and a branch well if a branch tube 
is secured aromd a window in the waB d the ttibe 
between said single groove and an adjacent groove d 
sakf setd four grooves at saki opposite skie d the tube. 
[0013] In that case the tube is towered through the 
main welt towards the junctton after folding the tube krto 
its contracted shape. At the junctfon the tube is then 
expanded such that the branch tube is pushed into the 
entrance d the branch weS. 

[0014] The tube according to the present inventfon 
can be made d any material whkrfi is plastk:al}y defonrv 
able such that the tube does nd break as a result d the 
fddmg and unfoking operations. 
[001 5] Suitable materials are steel, in partk:utar ktm- 
able steel grades such as high strength \cw alloy steels 
and dual phase steels, and ptastfo materials such as 
pdypropylene and pdyvinylchlorkle. 

Brief descrinfinn of the drawings 

[001 6] The invention will be described in more detail 
and by way d example with reference to the aooompa-. 
nying drawif)gs, in which 

Rg. 1 is a aoss-axial sectional view d a iddaUe 
tube according to the inventfon which corrprises 
two sets d tour grooves in the inner wall d the tube; 
Fig. 2 shows the tube d Fig. 1 at a somevwhat 
reduced scale wherein the tube is fdded into its 
contracted shape such that two U-shaped recesses 
are formed at opposite skJes d the tube; 
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Fig. 3 is a cross-axial sectional view of an alterna- 
tive embodiment oi the fokteble tube according to 
the present invention wherein a single groove is 
present at one side and a set of four grooves is 
present at an opposite side of the tube: 
Fig. 4 shows the tube of Fig. 3 at a somewhat 
reduced scale v^erein the tube is folded into its 
contracted shape such that a U-shaped recess is 
formed at the upper side of the titoe: 
Fig. 5 is a cross-axial sectional view of a toldaWe 
tube aooording to the invention inside a welt 
wherein the tube is provided wim a branch tiiDe 
which is inserted into the entrance off a branch well 
upon downhole expansion or the fotdaUe tii>e; 
Fig. 6 is a cross-axial sectional view of a foWable 
tube according to the present invention with a U- 
shaped recess at one side and a hinge provided by 
a tubule at the other side; 

Fig. 7 is a CTOSS-axial sectional view of a foldaWe 
tiise according to the invention which comprfees 
three axial grooves at one side of the tut>e; 
Fig. 8 is a aoss-axial sectional view of a foldable 
tut>e according to the present invention where the 
folded tii)e and the U-shaped recesses have a 
delta-shape: and 

Fig. 9 is a cross^axial sectional view of a toldable 
tube according to ttie present invention wtiere 
delta-shcped recesses are present at both sides of 
the tuba 

Pfit qilod des< :TiPtfon qf invention 



[OOiri Referring to Fig. 1 there is shown a foldaWe 
tube 1 which comprises two sots of axial trough-shaped 
grooires 2-9 in the inner wall of the tube 1. 
[0O18I Rg. 1 shows the lUbe 1 in its unfolded cylindri- 
cal shape and the grooves 2-9 each have a similar 
depth arri width. One set of four grooves 2-5 has been 
machined into the inner wall at the i«)er side of the 
tube 1 and the other set d four grooves 6-9 has been 
machined into the inner watt at the tower side of the tU)e 
1. such that the two sets of grooves 2-5 and 6-9 are 
simmetrical relative to each other. IhB distances 
between the grooves 2 and 3. the grooves 4 and 5, the 
grooves 6 and 7 and the grooves 8 and 9 are equal to 
each other. 

[001 9J Furlhennore the distance between the grooves 
3 and 4 is equal to the distance between the grooves 7 
and 8 and the distance between the grooves 2 and 9 is 
equal to the distance between the groot^es 5 and 6. 
[0020] The synwietrical anrangement of two sets of 
four grooves 2-5 and 6-9 enables the tube 1 to be folded 
such that the wall segments between the grooves 3 and 
4. 7and8. 5and6and2and9are moved inwardly 
towards the centre 11 of the tube 1 as illustrated by 
arrows 10 and the lube 1 obtains its contacted shape 
as is shown in Fig. 2. 

[00211 Fig. 2 shows how the relatvely thin parts Of the 



tube 1 adjacent to the grooves 2-9, where the wall tWck- 
ness is smaller than the vrall thickness of other parts of 
the tube 1. act as plastic hinges during the fotcSng pro- 
cedure. 

5 [0022] As a result of the hinging action the grooves 3. 
4 and 7 and 8 open up whereas the grooves 2, 5. 6 and 
9 are largely closed so that a first U-shaped recess 12 is 
fonned at the upper side of the tube 1 and a second U- 
shaped recess 13 is formed at the lower side of the tube 

w 1. The folded ti^l shown in Fig. 1 has the shape o# a 
rivet which has a signSicantly smaller outer width than 
the inner v*ndth of the unfolded tube shown in Fig. 1. 
Therefore the folded tube can be moved easily through 
the bae of a conduit or underground weO. even through 

15 narrow passages formed by vah^ and sharp curva- 
tures. 

10023] Fig. 3 shows an alternative embodiment of the 
foldaUe tJb9 aocoRfing to the invention in wHch the 
tube 1 5 comprises a single axial groove 16 at the lower 
20 side of the tube 15 and a set of tour axial grooves 17. 
18. 19 and 20 at the upper side of the tube 15. 
[00241 The grooves 16 and 17 and 20 have been 
macNned in the inner wall of the tube 15 and the 
^-ooves 18 and 19 have been maKrfiined in the outer 
25 wail of the tube 15. 

(0025] The relatively thin wall parts of the tube 15 
adjacent to the grooves 1 6-20 form waO areas which are 
more f lextsle than other parts of the titoe 1 5. The groove 
pattern shown in Fig. 3 allows the vmH segment 
30 between the grooves 17 and 20 to be tokJedinwardy in 
the direction of anow 21 such that the tube 15 obtains 
the folded shape shewn in Fig. 4. 
[0026] Fig. 4 shows that on folding of the tube 15 a U- 
shaped recess 22 is formed by the wall-segment off the 
55 tube 15 between the set of tour grooves 17-20 at the 
upper side of the tube 15. The two relatively big wall 
segments of the tube 15 between the groove 16 at the 
lower side and the two outer grooves 17 and 20 at the 
upper side of the tube 15 thereby pivot towards each 
40 other about the plastic hinge for med the at the bottom of 
the tube 15 near the groove 16. 
[0O27] The tube 15 shown in Fig. 4 can be unfolded by 
moving an expansion mandrel in axial direction through 
the tube 15 and/or by inflating the tube 15. 
45 [00281 The unfolded tobe 15 then obtains its cylindri- 
cal Shane as is shown in Fig. 3 and the corrliguration of 
parallel grooves 16-20 wiB than lock the tube 15 since 
the wall segments between the grooves 16-20 form 
arches which will be subject to hoop stress if the 
5C hydraulic pressure outside the tube 1 5 Is higher than the 
hydraulic pressure inside the tube 1 5. 
(00291 Fig.5 6howsafaldabletube25whichissin^lar 
to the fokteWe tube 15 shown in Figs. 3 and 4 inside a 
main well 26 in which a well casing 27 has been 
55 cemented in place. 

10030] The main well 26 passes through an under- 
ground formation 28 and a branch wefl 29 has been 
dnHed through a window 30 in the well casing 27 later- 
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ally away from the main well 26 into the formation 28. 
[0031 J The tube 25 is made of steel and comprises a 
single groove 31 a! its lower side and a set ol tour 
grooves 32-35 at its upper side. A txanch tubing section 
36 has been welded to the wall segment of the tid>e 1 5 
between the grooves 31 and 32 around a vwndow 37 
that has been nwcWned in the wall of the tube 25. 
[0032] The lube 25 has been moved in its folded con- 
tracted position through the main well 26 until the 
iKanch tii>ing section 36 is located adjacent to the 
entrance of the branch well 29. 
[0033] Then the tLlbe 25 is expanded by an expansion 
mandrel into its cylindrical shape. v*/hich is illustrated by 
braken fines 38 such that the branch tubing section 36 
is pushed through the window 30 in the welt casing 27 
into the branch well 29 as illustrated k]y broken fines 39 
and the arrow 40. 

[0034] An efongate breakable container 41 containing 
a sealing agent is arranged witNn the deHa-shaped 
recess formed between the set d faiff grooves 32-35 at 
the iW)er side of the tube 25 whk:h container is 
squeezed between the inner wall of the well casing 27 
and the outer wafl of the tube 25 rf the tube is untoWed 
to its cylindrical shape 38. The seafing agent is thereby 
squeezed into the arwiular space surrounding the 
unfolded tube 25 and the txanch tubing segment 39 and 
provides on curing an adequate seal which also fixes 
the unfolded tube 25 and branch tubing section 36 
ireide the main and the branch wells 26 and 29. 
[0035] Fig. 6 shows a fokled tUbe 41 which has a set 
of four (Kooves 42. 43. 44 and 45 at its upper side and a 
single tubular hinge 46 at its icwer sld& 
[00361 The tubular hinge 46 provides an area virtiere 
the wan of the tube is nwe flextolethan the other parts 
cf the tube 41, apart from the areas of the tut>e 41 a^fla- 
cent to the grooves 43-45. 

[0037] The tubular hinge 46 prcvides moreover an 
area where the wall of the tube can be deformed in dr- 
cumferential direction during the unfolding procedure. 
(00381 Alter conpletion of the unfolding procedure the 
interior 47 of the tiixiar Nnge 46 can be filled with a fil- 
ing agent whk:h provides siisport and fixes the tUxjIar 
hinge 46 in its expanded position. The interior 47 off the 
tUbiiar Nnge 46 may also contain electric or hydraulic 
condiits for transmission of electric and/or hydraulc 
power and^or signals along the length of the tiA)e 41. 
(0039] Fig. 7 shows an enfoodimerrt of the foWaUe 
tube according to the Invention where the tut)e 50 com- 
prises at its upper side three mutually parallel axial or 
helical grooves 51 . 52 and 53 which define three plastic 
hinges that allow the upper side of the tutie 50 to be 
Iblded inwardly as illustrated by phantom lines 54 and 
arrows 55. 

[0040] After the upper side oT the tube 50 has been 
Iblded inwardly the outer width of the lower side of the 
tube 50 can be reduced as illustrated by arrows 56 by 
pulling a circumferential or helical vwre (no! shown) 
around the thus folded tube 50. 



[0041 1 The tube 50 is then unfolded by inaeasing the 
hydraulic pressure in the interior of the tube 50 which 
breaks the wire and induces the tube 50 to unfold into its 
cylindrical shape shown in Fig. 7. 
5 [0042J Ftg, 8 shows an entxxliment of the foWable 
tube according to the invention where the folded tuk>e 57 
has a delta-shape and comprises at each Conner a 
delta-shaped recess 58. 

[0043] Each delta-shaped recess 58 is formed by 
10 bending the t^ss of the legs of a U-shaped recess 
towards each other and each recess is defined by a set 
of four plastic Nnges 59, 60, 61 and 62 where the wall 
of the tube 57 is more flexible than at other parts of the 
tube 57. 

15 [00441 The tube 57 is unfolded by increasing the 
hydraulic pressure in the interior 63 of the tut>e 57 which 
causes the tube 57 to wpanA in the direction of the 
anows 64 BO that the recesses 58 are removed. By fur- 
ther inaeasing the hydraulic pressure in the interior 63 
zo of the tube 57. the tube 57 is brought into a cylindrical 
shape (not shewn). 

[0045] Fig. 9 shows a tube according to the invention 
where the tube 65 comprises a set of tour axial plasti- 
cally deformaUe hinges 66. 67. 68 and 69 at its Mpper 
25 skje and also a set of tour axial plastically deformdsle 
hinges 70, 71. 72 and 73 at its lower side. 
[0046] Each set of four hinges 66-69 and 70-73 
defines a delta-shaped recess 74 and 75. respectively. 
|b047] The two hinges 66 and 69 at the top of the 
30 folded tube 65 and also the two hinges 70 and 73 at the 
bottom of the tiJDe 65 have been brazed together. The 
thus formed brazed joints 76 and 77 aeated a seal 
t>elween the interior of the deHa-ehaped recesses 74 
and the exterior 78 of the tube 65. 
35 [0048] The tube 65 IS suitable to be used in its aius- 
trated foUed shape as a drill pipe where drilUng nwd is 
purped tfirough the interior 79 d the tube 65 arxl 
through the delta-shaped recesses 74 and 75 to a driH 
bit (not shown). 
40 [0049] After a borehole section has been drilled a cas- 
ing is then created tjy inflating the tube 65 using a high 
pressure fluid or expansfon mandrel (not shown) so that 
the brazed joints 76 and 77 break open and the tube 65 
unfolds into its cylindrical shape as Bkjstrated by arrows 
45 80. The drill bit is then puOed to surface on a wireline or 
coiled tubing passing through the interior 79 of the 
expanded tube 65. 

[0050] The tube 65 and also the tube conliguralfons 
iDustrated in the other drawings can be spooled around 
so a reeling drum in their folded shape arxl reeled from the 
drum into an underground baehoJe to provide a lining of 
the txxehole wall or inside a corroded or damaged well 
tubular. 

[0051] The walls of the tube acoofding to the invention 
55 may comprise sieve openings of a predetermined size 
so that the tube provides a well screen which is lowered 
into the borehole in its folded shaped and then unfolded 
downhde by moving an expansion mandrel through the 
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tube or by inflating a balloon in the interior of the tube. 
The unfolding procedure does not vary the sieve open- 
ing size 60 that unfolded tube provides a sandscreen 
with a well defined siara opening size. 

Claims 

1. A foldabie tube comprising a tubular wall having at 
least three elongate relatively llexible areas where 
the wall is more flexible than other areas of the wan. 
which areas are oriented in a sut>stantially parallel 
direction relative to each other along at least a sub- 
stantial part of the length of the tube so that in use 
said areas from plastic hinges wNch deline a wall 
segment that is inwardly foWable to bring the tube 

into a contracted shape. 

2. The tokJaWe tube of daiml wherein said relatlyBly 
flexible areas are formed by through-shaped 
gmoves in the wall of the tii36. which grooves are 

' oriented in a parallel or helical direction relative to a 
longitudnal axis of the tube, 

3. The foldabie tube of claim 3 wherein at least one set 
of fdur grooves is arranged in the wan of the ti4}e 
such that each set of four grooves defines a tube 
segment that can be folded as a delta- or U-shaped 
recess Inwardly Into the tuk>e. 

4. The tokJable tube of claim 3 wherein two sets of tour 
grooves are arranged synwnebically at opposite 
sides of the tube such that rf the tube Is folded into 
a contracted shape two deHa- or U-shaped 
recesses are formed at opposite sides of the tube. 

5. The folddble tul>e of daim 3 wherein a single 
groove is arranged in the inner wall at one side of 
the tube and a set of four grooves is arranged at an 
opposite side of the inner wail of the tube. 

6. The foldabie tube of claim 5 wherein a branch tU>e 
is secured around a window in the wall of the tube 
which window is located between said single 
groove in said one half of the tube and an adjacent 
groove of said set of four grooves at said opposite 
side of the tube. 



that the branch tube is positioned at the entrance of 
the branch well near the branchpoint 

The foldabie tube of daim 1 wherein the tube is 
made of steel. 



10. The foldabie tube of daim 
made of a piaslic material. 



1 wherein the tube Is 



w 11. A method of pladng a foldabie tube according to 
daim 1 in a tubular cavity, ttie method comprising 
inserting the tube folded in its contracted shape into 
ttie cavity, untoiding the tut>e into its substantially 
cylindrical shape at a selected location witNn the 
15 cavity and securing the tube within the cavity. 

12. The method of daim 11 wherein the tube com- 
prisea at least one set of four grooves acoortfing to 
daim 3 which grooves deTme a delta- or U-shaped 
recess when the tube is inserted into the cavHy and 
a tubular corttainer containing a sealing agent is 
arranged within said recess when the tuk>e is 
inserted into the cavity, which container is 
squeezed and txeate open as a result of the 
unfokfing of the tut» within the cavity and sealing 
agent is released into the annular space between 
the unfolded tube and the wall of the cavity, which 
seafing agent is then allowed to aeate an annular 
seal between the unfolded tube and the cavity wall. 

IX The method of daim 11 wherein the tube is 
unfbtded by inserting a seafing plug at one end of 
thetUM and pumping a high pressure fluid into the 
other end of the tube. 
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7. The foldabie tube of any preceding claim wherein 
the foldabie tibe is a well tubular which is insertable 

in a contracted shape into the well and expandable so 

dowr^e into a substantially cylindrical shape. 

8. The foldabie tube of claim 6 wherein the tube is a 
well casing at a lyanchpoint in an underground well 
and the branch tube forms part of a well casing or ss 
liner in a wen brandi. and the tube is insertable in a 
contracted shape Into the well and expandable 
downhole into a substantially cylindrical shape such 



s 



EP0 952 306A1 



Fig.1. 
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Fig.3. 
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